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Abstract
BACKGROUND 
Thoracic intervertebral foramen puncture is the key step for interventional 
therapy on the thoracic nerve roots or dorsal root ganglia. The anatomical features 
of the thoracic spine are complex, and puncture injury to the pleura, blood 
vessels, spinal cord, and other tissues may cause serious complications. The 
spatial anatomical characteristics and related parameters for thoracic interver-
tebral foramen puncture remain poorly understood.

AIM 
To observe and summarize the spatially applied anatomical characteristics for 
intervertebral foramen puncture on different vertebral segments.

METHODS 
A total of 88 patients (41 males and 47 females) who underwent thoracic 
minimally invasive interventional treatment at Nanjing Drum Tower Hospital 
from January 2019 to June 2020 were included. Computed tomography images of 
167 thoracic vertebral segments scanned in the prone position were collected. The 
width of the intertransverse space (DP), the height of the rib neck/head above the 
lower transverse process (DR), the width of the lateral border of the articular 
process/lamina (WP), and the width of the posterior border of the vertebral body 
(WV) were measured. At the upper 1/3 of the intervertebral foramina, the 
horizontal inclination angle (α) from the lateral border of the articular 
process/lamina to the posterolateral border of the vertebral body was measured. 
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The ratios DR/DP and WP/WV were calculated. The intervertebral foramen 
parameters were compared between segments.

RESULTS 
No rib head/neck occlusion (DR/DP > 0) was found in the intertransverse spaces of 
T1-2 and T12-L1. The incidence of occlusion for the upper thoracic segments (T1-5, 
n = 138), middle thoracic segments (T5-9, n = 116), and lower thoracic segments 
(T9-L1, n = 80) were 76.81%, 100%, and 82.50%, respectively. The incidence of 
occlusion for the middle thoracic segments was significantly higher than that for 
the upper and lower thoracic segments (P < 0.05). The incidence of > 1/2 
occlusion (DR/DP > 1/2) for the upper, middle, and lower thoracic segments was 
7.97%, 74.14%, and 32.50%, respectively. The incidence of > 1/2 occlusion for the 
middle thoracic segments was significantly higher than that for the upper and 
lower thoracic segments (P < 0.05). WP was longer than WV on T1-2 to T9-10 and 
shorter than WV on T10-11 to T12-L1. The horizontal puncture angle (α) into the 
external opening of the intervertebral foramina was positively correlated with the 
segments of the thoracic vertebrae from the cephalic to caudal portion (left: r = 
0.772, P < 0.01; right: r = 0.771, P < 0.01), and the horizontal inclination angle for 
T11-12 and T12-L1 was 90°.

CONCLUSION 
It is necessary to identify the spatial impact of the rib head/neck on the puncture 
path of the intervertebral foramina and design appropriate puncture angles for 
different segments.

Key Words: Thoracic intervertebral foramen; Puncture; Computed tomography; Three-
dimensional reconstruction; Rib

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We measured and summarized the features of applied anatomy for thoracic 
intervertebral foramina cannulation. Based on our results, we found that the rib 
head/neck in the middle thoracic segments greatly influences the puncture path for the 
intervertebral foramen. It is necessary to identify the space between the transverse 
process and rib head/neck for puncture. The inclination angle for puncture varies in 
different segments. The closer the segment is to the lower thoracic vertebrae, the larger 
the horizontal inclination angle of puncture is. This study also provides an anatomic 
reference for performing clinical intervertebral foramen puncture with ultrasound 
guidance.

Citation: Wang R, Sun WW, Han Y, Fan XX, Pan XQ, Wang SC, Lu LJ. Observation and 
measurement of applied anatomical features for thoracic intervertebral foramen puncture on 
computed tomography images. World J Clin Cases 2021; 9(18): 4607-4616
URL: https://www.wjgnet.com/2307-8960/full/v9/i18/4607.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i18.4607

INTRODUCTION
Interventional therapy on the thoracic nerve roots or dorsal root ganglia (DRGs) is an 
important means to relieve chronic pain of the chest and abdomen, such as 
postherpetic neuralgia, incision pain, or other thoracic nerve pain[1-3]. The thoracic 
intervertebral foramina (TIVFs) are the most direct and frequently used channels for 
reaching the DRGs with interventional tools[4,5]. Therefore, accurate TIVF puncture is 
the key step for interventional treatment, which can determine the success or failure of 
total therapy. The anatomical features of the thoracic spine are complex. The presence 
of the transverse processes, ribs, and pleural and lung tissue increases the difficulty 
and risk of TIVF puncture[6,7]. Interventional procedures involving passage through 
the TIVFs have been performed for many years, and X-ray, computed tomography 
(CT), and ultrasound imaging have been used as common guidance solutions[5,7,8]. 
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However, few studies on the anatomy of the TIVFs have been reported, and even 
fewer literature reviews on the applied anatomy for TIVF cannulation have been 
published.

The thoracic spine is located between the cervical and lumbar vertebrae and 
includes the skeletal features of these vertebrae. However, the spatial relationship of 
the thoracic spine and the surrounding tissue is more complex than that of the cervical 
and lumbar segments. The anterior, superior, and inferior boundaries of the TIVFs 
consist of the corresponding vertebrae and their intervertebral discs, the inferior part 
of the pedicle, and the superior part of the pedicle. The posterior boundaries of the 
TIVFs consist of the articular processes of the zygapophyseal joint. Outside of the 
TIVFs are the thoracic paravertebral spaces and pleura on the lateral sides and the 
transverse processes on the superior lateral and inferior lateral sides. Inside of the 
TIVFs is the spinal cord[6]. The puncture trajectory usually passes from lateral to 
medial along the outer edge of the articular process. Therefore, the accessible space for 
TIVF cannulation is restricted to the intertransverse process space (ITPS). Additionally, 
the spinal nerves regularly exit the intervertebral foramina from the upper part, 
increasing the precision requirement of target positioning[4,9,10]. The available space 
for puncture adjustment is further restricted due to the presence of lung tissue and 
ribs, which is another difference from the anatomy of the cervical and lumbar spines. 
Although the spatial features of the TIVFs and surrounding structures are important 
for cannulation, the corresponding applied anatomy has not been sufficiently 
summarized. The difference in features between the upper, middle, and lower thoracic 
segments has also been vaguely described.

In TIVF puncture, the rib head and rib neck are the leading obstructions to 
achieving the desired trajectory. In this article, we summarize and report on the spatial 
relationship between the ribs and intertransverse spaces as well as the puncture 
characteristics for TIVF cannulation. This study may provide an important reference 
for image-guided TIVF puncture, especially using ultrasound imaging.

MATERIALS AND METHODS
Patients
This study was approved by the Ethics Committee of Nanjing Drum Tower Hospital 
Clinical College of Xuzhou Medical University (Ethical Number: 2020-347-01). A total 
of 88 patients who underwent thoracic minimally invasive treatment at Nanjing Drum 
Tower Hospital from January 2019 to June 2020 were admitted, including 41 males and 
47 females, with an average age of 58.46 ± 10.12 years (range, 42-91 years). CT images 
of 167 segments of the thoracic intervertebral foramina were scanned and collected 
with the patients in the prone position during their operations. The inclusion criteria 
were as follows: (1) Minimally invasive surgery of the thoracic spinal nerve under CT 
guidance; (2) scanning of the TIVFs with slice thickness < 2 mm; and (3) scans obtained 
with patients in the prone position, cushioned with a pillow below the chest. Patients 
with the following criteria were excluded: (1) Spinal deformities, spinal bone lesions, 
or other diseases that affect normal thoracic anatomy; (2) a history of spinal surgery; 
(3) body mass index > 35 kg/m2; (4) severe skew in the scanning posture; and (5) 
severe osteoporosis. For the T1-2 to the T12-L1 TIVF segments, images were obtained 
from 6, 17, 23, 23, 14, 16, 12, 16, 16, 16, 10, 8, and 6 patients, respectively.

Measurement of spatial position parameters of the rib head/neck and transverse 
process spaces
CT data of the thoracic vertebrae in DICOM format were imported into Mimics 
software (materialize 17.0, Belgium), and three-dimensional skeletal structure models 
of the thoracic vertebrae were reconstructed. To improve the consistency of the charac-
teristic measurements for different TIVF segments, the viewing angle was adjusted to 
the anteroposterior position. That is, when observed with the software in fluoroscopy 
mode, the spinous process line coincides with the middle line of the bilateral pedicle, 
and the anterior edge of the inferior border of the superior thoracic vertebra coincides 
with the posterior edge. Before measurement of each TIVF, the observation angle of 
the measured segment image was readjusted again. Then, the spatial position 
parameters of the rib head/neck and the transverse process space on both sides were 
measured (Figure 1).

Under this observation angle, the following parameters were measured: (1) The 
width of the intertransverse process space (DP), that is, the vertical distance from the 
horizontal line of the inferior margin of the superior transverse process to the 
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Figure 1 Measurement of spatial position parameters of the rib head/neck and transverse process space. A: Adjustment of the observation 
angle: The spinous process line (dashed) is located in the middle of the bilateral pedicle lines (dotted), and the inferior border coincides with the anteroposterior 
border (solid line) of the superior thoracic vertebra; B: Parameter measurement: The vertical distance from the horizontal line of the inferior margin of the superior 
transverse process to the horizontal line of the superior margin of the inferior transverse process (dotted) is the width of the transverse process space; the vertical 
distance from the horizontal line of the highest point of the rib neck/head (dashed) to the horizontal line of the superior margin of the inferior transverse process 
(dotted) is the height of the rib neck/head protrusion. DP: The width of the intertransverse process space; DR: The height of the rib neck/head protrusion.

horizontal line of the superior margin of the inferior transverse process; and (2) the 
height of the rib neck/head protrusion (DR), that is, the vertical distance from the 
horizontal line of the highest point of the rib neck/head to the horizontal line of the 
superior margin of the inferior transverse process. The ratio DR/DP was used to assess 
the occlusion of the thoracic transverse process space by the rib head/neck. The value 
of DR/DP for each intervertebral foramen was calculated and trichotomized as DR/DP = 
0, 0 < DR/DP ≤ 1/2, or DR/DP > 1/2. Then, the DR/DP values of the upper (T1-5), middle 
(T5-9), and lower (T9-L1) segments were compared.

Measurement of parameters related to TIVF puncture
The three-dimensional model of the thoracic vertebrae was sectioned with the reslice 
function of the software. The tomographic plane was placed parallel to the inferior 
border of the superior vertebral body, and the parameters were measured on the 
newly obtained tomographic plane. After positioning the tomographic image at the 
upper 1/3 level of the intervertebral foramen, the following parameters were 
measured: (1) The width of the lateral border of the articular process/lamina (WP); (2) 
The width of the posterior border of the vertebral body (WV); and (3) The horizontal 
inclination angle (α) from the lateral border of the articular process/lamina to the 
posterolateral border of the vertebral body (Figure 2). The ratio Wp/Wv was 
calculated to evaluate the changes in the vertebral body parameters of different 
segments. The inclination angles were compared between two sides. The correlation 
between inclination angle and segment location was also counted.

Statistical analysis
Statistical analyses were carried out using SPSS Version 22.0 (IBM Corporation, 
Armonk, NY, United States). The Shapiro-Wilk test was used to assess the normality of 
the distribution of the quantitative parameters. Quantitative data conforming to a 
normal distribution are described as the mean ± SD, and comparisons were made by t-
tests. Qualitative parameters are expressed as counts and percentages and were 
compared by the chi-square test. Pearson linear correlation analysis was used to 
describe the direction and degree of linear correlation between two quantitative 
variables. P < 0.05 was considered statistically significant.

RESULTS
Spatial relationship of the rib head/neck and ITPS
The height of the rib neck/head protruding into the ITPS differed in different thoracic 
vertebral segments, resulting in different degrees of occlusion (Figure 3). No rib 
head/neck occlusion (DR/DP > 0) onto the ITPS was found on segments T1-2 and T12-
L1, and the remaining thoracic segments were all occluded by the rib. The details of 
ITPS obstruction by the rib head/neck from T1-2 to T12-L1 are shown in Table 1. The 



Wang R et al. Applied anatomy for TIVF punctures

WJCC https://www.wjgnet.com 4611 June 26, 2021 Volume 9 Issue 18

Table 1 Occlusion of the transverse process spaces of different segments by the rib head/neck (both sides)

Segment No occlusion 0 < Occlusion ≤ 1/2 Occlusion > 1/2

T1-2 (n = 12) 12 (100%) 0 0

T2-3 (n = 34) 15 (44.12%) 19 (55.88%) 0

T3-4 (n = 46) 5 (10.87%) 39 (84.78%) 2 (4.35%)

T4-5 (n = 46) 0 37 (80.43%) 9 (19.57%)

T5-6 (n = 28) 0 15 (53.57%) 13 (46.43%)

T6-7 (n = 32) 0 4 (12.50%) 28 (87.50%)

T7-8 (n = 24) 0 5 (20.83%) 19 (79.17%)

T8-9 (n = 32) 0 6 (18.75%) 26 (81.25%)

T9-10 (n = 32) 0 10 (31.25%) 22 (68.75%)

T10-11 (n = 20) 0 16 (80.00%) 4 (20.00%)

T11-12 (n = 16) 2 (12.50%) 14 (87.50%) 0

T12-L1 (n = 12) 12 (100%) 0 0

Figure 2 Measurement of parameters related to the intervertebral foramen. A and B: The three-dimensional model of the thoracic vertebra was resliced 
parallel to the inferior border of the superior vertebral body of the intervertebral foramen, and the upper 1/3 level tomographic image of the intervertebral foramen was 
selected for parameter measurement; C and D: The width of the lateral border of the articular process/lamina; the width of the posterior border of the vertebral body; 
and the horizontal inclination angle from the lateral border of the articular process/lamina to the posterolateral border of the vertebral body. WP: The width of the 
lateral border of the articular process/lamina; WV: The width of the posterior border of the vertebral body; α: The horizontal inclination angle from the lateral border of 
the articular process/lamina to the posterolateral border of the vertebral body.

incidence of occlusion for the upper thoracic segments (T1-5, n = 138), middle thoracic 
segments (T5-9, n = 116), and lower thoracic segments (T9-L1, n = 80) was 76.81%, 
100%, and 82.50%, respectively. The incidence of occlusion for the middle thoracic 
segments was significantly higher than that for the upper and lower thoracic segments 
(P < 0.05). The incidence of > 1/2 occlusion (DR/DP > 1/2) of the ITPS for the upper, 
middle, and lower thoracic segments was 7.97%, 74.14% and 32.50%, respectively. The 
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Figure 3 Spatial position of the rib head/neck and transverse process space. A and B: The T2-3 intertransverse process space (ITPS) is not occluded 
by the rib neck/head, while the T3-4 ITPS is partially occluded, and the T8-9 ITPS is completely covered; C: The upper 1/3 level tomographic image of the T2-3 
intervertebral foramen shows no occlusion by the corresponding rib neck/head; D: The upper 1/3 level tomographic image of the T8-9 intervertebral foramen shows 
occlusion by the corresponding rib neck; puncture of the intervertebral foramen would need to pass through the gap between the vertebral plate and the rib neck. 
TIVF: Thoracic intervertebral foramen.

incidence of > 1/2 ITPS occlusion for the middle thoracic segments was significantly 
higher than that for the upper and lower thoracic segments (P < 0.05) (Table 2).

Puncture parameters at the upper 1/3 level of the TIVFs
At the upper 1/3 level of the intervertebral foramina, the width of the lateral border of 
the articular process/lamina (Wp) was longer than the width of the posterior border of 
the vertebral body (Wv) for segments T1-2 to T9-10. WP started to be shorter than WV 

from segment T10-11 to segment T12-L1 (Table 3). No significant difference in the 
horizontal puncture angle (α) was found between the left and right sides. The 
horizontal puncture angle (α) into the external opening of the intervertebral foramina 
was positively correlated with the thoracic vertebral segments from the cephalic to 
caudal portion (left: r = 0.772, P < 0.01; right: r = 0.771, P < 0.01). On the T11-12 and 
T12-L1 segments, the horizontal inclination angle was 90°, and a perpendicular 
puncture close to the lateral border of the lamina/articular process entered the 
external opening of the intervertebral foramina.

DISCUSSION
Accurate TIVF puncture can reduce operation risks and complications of interven-
tional treatment[11]. By measuring the relevant parameters of thoracic intervertebral 
foramen puncture on three-dimensional reconstructed CT images, the purpose of this 
study was to observe the spatial, applied anatomical characteristics of different 
thoracic intervertebral foramen segments. We also sought to provide an anatomical 
basis for clinical puncture operations, especially in the application of ultrasound-
guided thoracic intervertebral foramen puncture.

The thoracic intervertebral foramina are important channels for the minimally 
invasive interventional treatment on the thoracic nerve roots and dorsal root ganglia in 
the field of pain management[4]. Accurate localization and puncture of the TIVFs are 
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Table 2 Occlusion of the transverse process spaces of upper, middle, and lower segments by the rib head/neck (both sides)

Segment Occlusion Occlusion > 1/2

Upper segments (T1-5, n = 138) 106 (76.81%)a 11 (7.97%)a

Middle segments (T5-9, n = 116) 116 (100%) 86 (74.14%)

Lower segments (T9-L1, n = 80) 66 (82.5%)a 26 (32.50%)a

aP < 0.05 vs middle segments.

Table 3 Parameters related to the upper 1/3 level of the intervertebral foramen for puncture

Segment Wp/Wv > 1 Wp/Wv ≤ 1 Puncture angle (left) Puncture angle (right) P value

T1-2 (n = 6) 6 (100%) 0 42.73 ± 2.73 48.95 ± 2.20 0.151

T2-3 (n = 17) 17 (100%) 0 62.55 ± 8.51 61.76 ± 6.71 0.484

T3-4 (n = 23) 23 (100%) 0 69.02 ± 5.76 69.68 ± 6.09 0.705

T4-5 (n = 23) 23 (100%) 0 71.76 ± 4.89 71.93 ± 6.67 0.925

T5-6 (n = 14) 14 (100%) 0 71.10 ± 6.13 70.88 ± 7.00 0.709

T6-7 (n = 16) 16 (100%) 0 73.78 ± 3.39 73.68 ± 4.53 0.944

T7-8 (n = 12) 12 (100%) 0 76.96 ± 4.96 75.91 ± 4.22 0.581

T8-9 (n = 16) 16 (100%) 0 79.26 ± 5.25 79.74 ± 5.65 0.805

T9-10 (n = 16) 16 (100%) 0 76.65 ± 4.98 77.12 ± 5.72 0.808

T10-11 (n = 10) 7 (70%) 3 (30%) 83.29 ± 6.92 82.98 ± 6.53 0.918

T11-12 (n = 8) 0 8 (100%) 90 ± 0 90 ± 0 -

T12-L1 (n = 6) 0 6 (100%) 90 ± 0 90 ± 0 -

P value: Comparison of puncture angle between the right and left. WP: The width of the lateral border of the articular process/lamina; WV: The width of 
the posterior border of the vertebral body.

the basis for successful treatment[11]. Currently, thoracic intervertebral foramen 
puncture is usually performed under the guidance of C-arm or CT. X-rays can show 
the relationship between bony structures and the puncture needle. Three-dimensional 
reconstructed CT images can not only show the 3D spatial relationship between the 
structures adjacent to the TIVF but also provide a reference for operation planning and 
puncture path optimization[4,12,13]. However, C-arm and CT guidance also have 
some disadvantages, such as radiation exposure to the operators and patients, poor 
portability, and inability to guide in real time.

The thoracic intervertebral foramina are the bony channels where the thoracic nerve 
roots leave the spinal cord. The structure of the thoracic intervertebral foramina is 
significantly different from that of the cervical and lumbar segments, which is mainly 
manifested by rib head/neck occlusion. Our results showed that only the T1-2 and 
T12-L1 segments lacked rib occlusion in the ITPS. The ITPSs of the other segments 
were all occluded by the rib head/neck. The middle thoracic segments had the highest 
incidence of occlusion, and their incidence of > 1/2 occlusion was significantly higher 
than that of the upper thoracic and lower thoracic segments.

At the upper 1/3 level of the intervertebral foramina, the width of the lateral border 
of the articular process/lamina of the T1-10 segments was longer than the width of the 
posterior border of the vertebral body, which indicates that the puncture needle needs 
to pass through the lateral margin of the lamina at a certain angle to enter the interver-
tebral foramen. From the cephalic to caudal portion, the horizontal inclination angle 
required to enter the external opening of the intervertebral foramen gradually 
increases. Therefore, on the upper thoracic segments, especially the T1-2 segment, 
sufficient lateral distance is required to enter the intervertebral foramen. On the 
middle thoracic segments, the lateral distance is smaller than that on the upper 
thoracic segments. However, because the rib head/neck occupies the ITPS, it is 
necessary to design the trajectory along the tangent line of the rib head/neck and 
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lamina so that the needle can smoothly pass through the gap and enter the interver-
tebral foramen. On the lower thoracic segments, the width of the lateral border of the 
lamina/facet joint becomes increasingly shorter than that of the posterior border of the 
vertebral body. Therefore, excessive lateral distance should be avoided due to the risk 
of puncture into the spinal canal, which can lead to spinal cord injury and other 
serious complications.

In recent years, ultrasound has been increasingly used in minimally invasive 
interventional treatment of the spine[14,15]. However, because ultrasound cannot 
penetrate bone, the location of spinal targets often relies on the surface anatomical 
characteristics of bony structures[6,16]. The 12 segments of the thoracic vertebrae are 
located between the cervical and lumbar vertebral segments. The upper and lower 
thoracic spines possess characteristics of the cervical and lumbar spines, respectively. 
However, the paravertebral structure of the thoracic vertebrae is more complex, and 
the application of ultrasound-guided TIVF puncture is highly risky[11]. This study 
summarized the spatial features of the skeletal structure and provides a reference for 
ultrasonic TIVF puncture.

In the process of ultrasound-guided TIVF puncture, the short axis section of the 
transverse process should be assessed first. Then, the probe should be moved to the 
caudal side until the transverse process disappears, where the ITPS section can be 
obtained. Generally, the main structure of the ITPS section includes the lamina/ 
articular process, paravertebral space, and pleura[17,18]. In this section, the interver-
tebral foramen is the space formed by the superficial lamina/facet joint and the 
posterior margin of the deep vertebral body. Adopting the in-plane technique, the 
TIVF can be entered along the lateral border of the lamina/articular process. However, 
based on the results of this study, we found that not only the pleura is found outside 
the TIVF in the ITPS section but also a hyperechoic rib head/neck may occupy the 
external area of the TIVF and occlude the puncture path (Figure 3C and D), especially 
in the middle thoracic segments. After moving the probe caudally until the transverse 
process echo disappears, combined ultrasonic images of the vertebral plate/articular 
process, rib head/neck, and pleura appear. Since the space between the rib head/neck 
and lamina/articular process is not a joint structure, we propose that this gap should 
be a feasible puncture path into the intervertebral foramen in this plane.

CONCLUSION
In summary, the anatomical structure of the thoracic intervertebral foramen is unique. 
The rib head/neck in the middle thoracic segments greatly influences the puncture 
path for the intervertebral foramen; therefore, it is necessary to identify the space 
between the transverse process and rib head/neck for puncture. The inclination angle 
for puncture differs in different segments. The closer the segment is to the lower 
thoracic vertebrae, the larger the horizontal inclination angle of puncture is. This study 
also provides an anatomic reference for performing clinical intervertebral foramen 
puncture with ultrasound guidance.

ARTICLE HIGHLIGHTS
Research background
When conducting interventional therapy on the thoracic nerve roots or dorsal root 
ganglia for treatment of chronic pain, thoracic intervertebral foramen (TIVF) is the 
most frequently used channel and TIVF puncture is the key step for the therapy. The 
anatomical features of the structure around TIVF are complex. Despite the assistance 
of many imaging guidance, clinical application of TIVF cannulation is still challenging. 
Improper operation may injure the pleura, blood vessels, spinal cord, and other 
tissues, causing serious complications.

Research motivation
The intertransverse process space (ITPS) for TIVF cannulation is severely restricted by 
the lung and ribs, but the spatial anatomical characteristics and related parameters for 
TIVF puncture remain poorly understood. The difference in features between the 
upper, middle, and lower thoracic segments has also been vaguely described.
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Research objectives
To observe and summarize the spatially applied anatomical characteristics for TIVF 
puncture on different vertebral segments.

Research methods
A total of 88 patients who underwent thoracic minimally invasive interventional 
treatment were included. Computed tomography images of 167 thoracic vertebral 
segments scanned in the prone position were collected. We measured the width of the 
ITPS (DP), the height of the rib neck/head above the lower transverse process (DR), the 
width of the lateral border of the articular process/lamina (WP), and the width of the 
posterior border of the vertebral body (WV). The horizontal inclination angle (α) for 
TIVF puncture at the upper 1/3 level of the intervertebral foramina was measured. 
The above measured parameters and calculated ratios (DR/DP and WP/WV) were 
compared between segments.

Research results
No rib head/neck occlusion (DR/DP > 0) was found in the ITPS of T1-2 and T12-L1. The 
incidence of occlusion for the middle thoracic segments was significantly higher than 
that for the upper and lower thoracic segments. The incidence of > 1/2 occlusion for 
the middle thoracic segments was significantly higher than that for the upper and 
lower thoracic segments. WP was longer than WV on T1-2 to T9-10 and shorter than WV 

on T10-11 to T12-L1. The horizontal puncture angle (α) into the external opening of the 
TIVF was positively correlated with the segments of the thoracic vertebrae from the 
cephalic to caudal portion.

Research conclusions
The impact of the rib head/neck on the puncture path of the TIVF varies on different 
segments. It is necessary to identify spatial structure and design appropriate puncture 
angles for different segments.

Research perspectives
In this article, we summarize and report on the spatial relationship between the ribs 
and ITPS as well as the puncture characteristics for thoracic intervertebral foramina 
cannulation. This study also provides an anatomic reference for performing clinical 
intervertebral foramen puncture, especially with ultrasound guidance.
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